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METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE THROUGH USE OF MASK 

MATERIAL 



5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for manufacturing a 
semiconductor device, and more specifically to a method for forming 
a fine pattern through use of a mask material. 

10 

2. Description of the Background Art 

There has been known a method for forming a fine pattern wherein 
a silicon oxide film, a silicon nitride film, or a polysilicon film 
is used as a mask material to etch a film to be processed immediately 

15 underneath the mask material. 

However, since an etching selectivity of the film to be processed 
against the mask material is low, shoulders of the mask material are 
etched when the film to be processed is etched. As shown in Fig. 
4, when the amount of the etched shoulders of the mask material is 

20 large, an etching of shoulders 33a may also occur in the film to be 
processed (for example, polysilicon film) 33 disposed immediately 
underneath the mask material. Here, inFig. 4, the film to be processed 
33 is formed on the gate insulating film 32 formed on the substrate 
31. 

25 " Since the mask material becomes unnecessary after the film to 

be processed has been etched, it must be removed. In a conventional 
method, however, it was difficult to remove only the mask material 
selectively without etching the film to be processed. Therefore, 
there was a problem that the thickness of the film to be processed 

30 33 was changed. 

Therefore, the conventional method for manufacturing 
semiconductor devices had a problem of the deterioration of patterns . 
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SUMMARY OF THE INVENTION 

The present invention has been conceived to solve the 
previously-mentioned problems and a general object of the present 
5 invention is to provide a novel and useful method for manufacturing 
a semiconductor device. 

A more specific object of the present invention is to remove 
a mask material selectively without etching a film to be processed 
and is to form a fine pattern easily through use of a mask material. 
10 The above object of the present invention is attained by a 

following method for manufacturing a semiconductor device. 

According to one aspect of the present invention, in the method 
for manufacturing a semiconductor device, a film to be processed is 
formed on a substrate. A mask material is formed on the film to be 
15 processed . A resist pattern is formed on the mask material . The mask 
material is patterned using the resist pattern as a mask. The mask 
material is shrunk. The film to be processed is patterned using a 
shrunk mask material as a mask. The shrunk mask material is removed. 
According to another aspect of the present invention, in the 
20 method for manufacturing a semiconductor device , a film to be processed 
is formed on a substrate. A ruthenium film is formed as a mask material 
on the film to be processed. A resist pattern is formed on the mask 
material. The mask material is patterned using the resist pattern 
as a mask. The film to be processed is patterned using a patterned 
25 mask material as a mask. The patterned mask material is removed. 

Other objects and further features of the present invention will 
be apparent from the following detailed description when read in 
conjunction with the accompanying drawings. 

30 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1A to IF are sectional views for illustrating a method 
for manufacturing a semiconductor device according to a first 
embodiment of the present invention; 
5 Figs. 2A to 2E are sectional views for illustrating a method 

for manufacturing a semiconductor device according to a second 
embodiment of the present invention; 

Figs . 3A to 3D are sectional views for illustrating a method 
for manufacturing a semiconductor device according to a third 
10 embodiment of the present invention; and 

Fig. 4 is a sectional view for illustrating a case that an etching 
of shoulders occurs in the film to be processed. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 . In the following, principles and embodiments of the present 

invention will be described with reference to the accompanying drawings . 
The members and steps that are common to some of the drawings are 
given the same reference numerals and redundant descriptions therefore 
may be omitted. 

20 First Embodiment 

Figs. 1A to IF are sectional views for illustrating a method 
for manufacturing a semiconductor device according to a first 
embodiment of the present invention. Specifically, Figs. 1A to IF 
are diagrams for illustrating a method for forming a fine gate wiring 

25 in an ASIC and the like. 

First, as Fig. 1A shows, a gate oxide film of a thickness of 
about 5 nm is formed as a gate insulating film 12 on a silicon wafer 
as a substrate 11. A polysilicon film of a thickness of about 150 
nm is formed as a gate wiring material 13 on the gate insulating film 

30 12. Next, a ruthenium (Ru) film of a thickness of about 20 nm is 
formed as a mask material 14 on the gate wiring material 13. Then, 
a resist pattern 15 is formed on the mask material 14. 
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Next, as Fig. IB shows, the mask material 14 is subjected to 
anisotropic etching using the resist pattern 15 as a mask to form 
a mask-material pattern 14a. This anisotropic etching is performed, 
for example, in an ICP (inductively coupled plasma) etching apparatus , 
5 and the etching conditions are as follows. 

High-frequency power: 1500 W (upper electrode) 

200 W (lower electrode) 

Pressure: 30 mTorr 
Gas: 0 2 /Cl 2 = 100/10 seem 
10 Next, as Fig. 1C shows, the mask-material pattern 14a is sub jected 

to isotropic etching to form a fine mask-material pattern 14b having 
a pattern width narrower than the pattern width of the mask-material 
pattern 14a. That is, the mask-material pattern 14a is shrunk or 
retracted by isotropic etching. This isotropic etching is performed, 
15 for example, in an ICP etching apparatus, and the etching conditions 
are as follows . 

High-frequency power: 1500 W (upper electrode) 

80 W (lower electrode) 

Pressure: 20 mTorr 
20 Gas: 0 2 /Cl 2 = 160/20 seem 

Then, as Fig. ID shows, the resist pattern 15 is removed. 
Next, as Fig. IE shows , the gate wiring material 13 is subjected 
to anisotropic etching using the fine mask-material pattern 14b as 
amask to form a gate wiring 13a. This anisotropic etching is performed, 
25 for example, in an ECR etching apparatus, and the etching conditions 
are as follows. 

High-frequency power: 400 W (upper electrode) 

30 W (lower electrode) 

Pressure: 4 mTorr 
30 Gas: HBr/Cl 2 /0 2 = 70/30/50 seem 

Finally, as Fig. IF shows, the fine mask-material pattern 14b 
is removed to form a gate wiring 13a on the gate insulating film 12. 
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The removal of the fine mask-material pattern 14b is performed, for 
example, in a down -flow -type ashing apparatus, and the ashing 
conditions are as follows. 

Microwave power: 1400 W 
5 Pressure: 2 Torr 

Gas: 0 2 /N 2 = 900/100 seem 
Temperature.: 200°C 
In the first embodiment, as described above, a ruthenium film, 
which was a metal film, was formed as the mask material 14. After 
10 the mask-material pattern 14a was formed by anisotropic etching using 
the resist pattern 15 as the mask, the mask-material pattern 14a was 
shrunk by isotropic etching, and the gate wiring 13a was formed by 
anisotropic etching using the shrunk fine mask-material pattern 14b 
as the mask. 

15 According to the first embodiment, since the polysilicon film 

as the gate wiring 13 has a high etching selectivity against the 
ruthenium film as the mask material 14, the deterioration of the pattern, 
such as the etching of the mask material can be prevented . Furthermore , 
the removal of the ruthenium film as the mask material 14 has a high 

20 selectivity against the gate wiring material (polysilicon film) and 
the gate insulating film (oxide film) . Therefore, the mask-material 
pattern 14b can be selectively removed easily without etching the 
gate wiring material 13a. Hence, change in the film thickness of 
the gate wiring 13a can be prevented. Therefore, the gate wiring 

25 13a of a desired shape can be formed easily. 

Also, since the mask can be shrunk easily, and the fine 
mask-material pattern 14b can be obtained easily, a fine pattern (fine 
gate wiring 13a) can be formed easily by using the fine mask-material 
pattern 14b as the mask. 

30 In the first embodiment, although a ruthenium film is used as 

the mask material 14 , themaskmaterial 14 is not limited to the ruthenium 
film, but a metal film such as a tungsten (W) film and a titanium 
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nitride (TiN) film can also be used. Here, when a tungsten film is 
used as the mask material 14, the use of an aqueous solution of H 2 0 2 
for shrinking and removing the mask material result in the same effect 
as using the ruthenium film as the mask material . Also , when a titanium 
5 nitride film is used as the mask material 14, the use of an aqueous 
solution of H 2 S0 4 for shrinking and removing the mask material result 
in the same effect. 

Also in the first embodiment, although the resist pattern 15 
is removed after the mask-material pattern is shrunk, the order may 
10 be reversed. That is , after the mask-material pattern has been formed 
by etching using the resist pattern 15 as the mask, and the resist 
pattern 15 has been removed, the mask-material pattern may be shrunk. 
In this case, since the upper surface of the mask-material pattern 
is also etched when the mask-material pattern is shrunk, the formed 
15 thickness of the mask material 14 is increased to, for example, about 
60 nm. 

Second Embodiment 

Figs. 2A to 2E are sectional views for illustrating a method 
for manufacturing a semiconductor device according to a second 
20 embodiment of the present invention. Specifically, Figs. 2A to 2E 
are diagrams for illustrating a method for forming a fine gate wiring 
in an ASIC and the like, as in Figs. 1A to IF. 

First, as Fig. 2A shows , a gate insulating film 12 . a gate wiring 
material 13, a ruthenium film (Ru film) as a mask material 14, and 
25 a resist pattern 15 are formed on a silicon wafer 11 in the same manner 
as in the above -described first embodiment (refer to Fig 1A) . 

Next, as Fig. 2B shows, a mask-material pattern 14a is formed 
in the same manner as in the first embodiment (refer to Fig IB). 
Next, as Fig. 2C shows, the resist pattern 15 and the mask-material 
30 pattern 14a are subjected to isotropic etching. Thereby, the resist 
pattern 15 and the mask-material pattern 14a are shrunk or retracted. 
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This isotropic etching is performed, for example, in an ICP etching 
apparatus, and the etching conditions are as follows. 

High-frequency power: 1500 W (upper electrode) 

50 W (lower electrode) 

5 Pressure: 50 mTorr 

Gas: 0 2 /Cl 2 } = 200/20 seem 
Next, as Fig. 2D shows, the gate wiring material 13 is subjected 
to anisotropic etching using the shrunk resist pattern 15a and the 
shrunk mask-material pattern 14b as a mask to form a gate wiring 13a. 
10 This anisotropic etching is performed, for example, in an ECR etching 
apparatus, and the etching conditions are as follows. 

High-frequency power: 400 W (upper electrode) 

30 W (lower electrode) 

Pressure: 4 mTorr 
15 Gas: HBr/Cl 2 /0 2 = 70/30/50 seem 

Finally, as Fig. 2E shows, the resist pattern 15a and the 
mask-material pattern 14b is removed to form a gate wiring 13a on 
the gate insulating film 12. The removal of the resist pattern 15a 
and the mask-material pattern 14b is performed, for example, in a 
20 down -flow- type ashing apparatus, and the ashing conditions are as 
follows. 

Microwave power: 1400 VJ 
Pressure: 2 Torr 
Gas: v 0 2 /N 2 = 900/100 seem , 
25 Temperature: 200°C 

In the second embodiment, as described above, after the 
mask-material pattern 14a is formed by anisotropic etching using the 
resist pattern 15 as the mask, the resist pattern 15 and the 
mask-material pattern 14a are shrunk by isotropic etching, and the 
30 gate wiring 13a was formed by -anisotropic etching using the shrunk 
fine resist pattern 15a and the shrunk mask-material pattern 14b as 
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the mask. Thereafter, the resist pattern 15a and the mask-material 
pattern 14b are simultaneously removed. 

According to the second embodiment, after the gate wiring 13a 
has been formed, the mask-material pattern 14b and the resist pattern 
5 15 can be simultaneously removed under the condition that the Ru film, 
which is the mask-material pattern 14b # is removed. 

Therefore, in addition to the effect obtained in the first 
embodiment, there is obtained the effect whereby no process step to 
remove only the resist pattern 15 after transferring the pattern onto 
10 the Ru film is required, and the number of manufacturing process steps 
can be reduced. 
Third Embodiment 

Figs. 3A to 3D are sectional views for illustrating a method 
for manufacturing a semiconductor device according to a third 
15 embodiment of the present invention. Specifically, Figs. 3A to 3D 
are sectional views for illustrating a method for forming a via hole 
connected to metal wirings in an ASIC or a memory element such as 
a DRAM. 

First, as Fig. 3A shows, an under-layer wiring 21 is formed on 
20 a substrate (not shown), and a silicon oxide film (such as a TEOS 
film, a BSG film, and a BPSG film) of a thickness of about 1.5 \xm 
is formed as an interlayer insulating film 22 above the under-layer 
wiring 21. Next, a ruthenium (Ru) film of a thickness of about 30 
nm is formed as a mask material 24 on the interlayer insulating film 
25 22. Then, a resist pattern 25 is formed on the mask material 24. 

Next, as Fig. 3B shows, the mask material 24 is subjected to 
anisotropic etching using the resist pattern 25 as a mask to form 
a mask-material pattern 24a. This anisotropic etching is performed, 
for example, in an ICP etching apparatus, and the etching conditions 
30 are as follows. 

High-frequency power: 1500 VJ (upper electrode) 

200 W (lower electrode) 
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Pressure: 30 mTorr 
Gas: 0 2 /Cl 2 = 100/10 seem 
Next, as Fig. 3C shows, the interlayer insulating film 22 is 
subjected to anisotropic etching using the resist pattern 25 and the 
5 mask-material pattern 24a as a mask to form a via hole 26 reaching 
the under- layer wiring 21 from the surface of the interlayer insulating 
film 22. This anisotropic etching is performed, for example, in an 
ECR etching apparatus f and the etching conditions are as follows. 
High-frequency power: 1700 W (upper electrode) 
10 700 W (lower electrode) 

Pressure: 4 mTorr 

Gas: C 4 F 8 /Ar/CO = 25/200/20 seem 
Finally, as Fig. 3D shows, the resist pattern 25 and the 
mask-material pattern 24a are removed to form a via hole 26 connected 
15 to the under-layer wiring 21 in the interlayer insulating film 22. 
The removal of the resist pattern 25 and the mask-material pattern 
24a is performed, for example, in a down -flow- type ashing apparatus, 
and the ashing conditions are as follows. 
Microwave power: 1400 W 
20 Pressure: 2 Torr 

Gas: 0 2 /N 2 = 900/100 seem 

Temperature: 200°C 
According to the third embodiment, as described above, after 
a mask-material pattern 24a had been formed by anisotropic etching 

25 using a resist pattern 25 as a mask, a via hole 26 connected to the 
under- layer wiring 21 was formed in the interlayer insulating film 
22 by anisotropic etching using the resist pattern 25 and the 
mask-material pattern 24a as a mask. Thereafter, the mask-material 
pattern 24a was removed. 

30 According to the third embodiment, the removal of the ruthenium 

film as the mask material has a high selectivity against the interlayer 
insulating film, the metal material (wiring material), and the. 
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substrate material. Therefore, the mask-material pattern 24a can 
be selectively removed easily without etching the interlayer 
insulating film 22, the under-layer wiring 21, and the substrate. 
In particular, since the ruthenium film is removed in a dry state 
5 using ashing, the dissolution of metal materials as in wet etching 
does not occur even if the metal materials , such as wirings , are exposed 
on the surface of the substrate. Therefore, the via hole 26 of a 
desired shape can be easily formed without etching the interlayer 
insulating film and the under- layer wiring, that is, without 

10 deteriorating the pattern. 

Also according to the third embodiment , the mask-material pattern 
24a and the resist pattern 25 can be simultaneously removed under 
the condition that the mask-material pattern 2 4a is removed after 
the via hole 26 has been formed. Therefore, there is obtained the 

15 effect whereby no process step to remove only the resist pattern 25 
after transferring the pattern onto the Ru film is required, and the 
number of manufacturing process steps can be reduced. 

Although a method for forming a via hole connected to the 
under- layer wiring 21 was described in the third embodiment, the 

20 present invention can also be applied to the formation of a contact 
hole connected to the substrate. In this case, since wet etching 
can be used for removing the mask material, a metal film other than 
a ruthenium film, such as a tungsten film and a titanium nitride film 
can be formed as the mask material. An aqueous solution of H 2 0 2 can 

25 be used for removing the tungsten film; and an aqueous solution of 
H 2 S0 4 can be used for removing the titanium nitride film. 

Although the number of manufacturing process steps increases, 
only the resist pattern 25 can be removed after a mask-material pattern 
24a has been formed as in the first embodiment, and the via hole 26 

30 can be formed using the mask-material pattern 24a as a mask. 

This invention, when practiced illustratively in the manner 
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described above, provides the following major effects: 

According to the present invention, the mask material can be 
selectively removed without etching the film to be processed. Also 
according the present invention, a fine pattern can be easily formed 
5 through use of the mask material. 

Further , the present invention is not limited to these embodiments , 
but variations and modifications may be made without departing from 
the scope of the present invention. 
10 The entire disclosure of Japanese Patent Application No. 

2002-335764 filed on November 19, 2002 containing specification, 
claims, drawings and summary are incorporated herein by reference 
in its entirety. 
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